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INTRODUCTION
There are many types of interventional pain management, including acupuncture, epidural pain block, selective nerve root block, facet joint block, percutaneous vertebroplasty, micro-invasive procedures, and others. Pain management can reduce the length of hospitalization and avoid risks inherent in surgery. Accordingly, interventional pain management is increasing relied upon. Although post-procedural infection is rare, incidences are likely to increase as interventional pain management becomes more common (1-3). A complicating factor is that preexisting pain and discomfort might mask its symptoms. Moreover, the proximity of some post-procedural complications including iatrogenic spinal infection (ISI) to the central nervous system can leave various and serious sequelae, including death (4) (5) (6) (7) (8) . For these reasons, post-procedural infection demands close scrutiny.
However, its diagnosis remains difficult . Although magnetic resonance imaging (MRI) modality has been used for evaluating infections of the spine and soft tissues (9) , there are no published MRI findings on ISI following various pain management procedures. Therefore, the objective of this study was to investigate and report MRI findings on ISI following various pain management procedures in order to facilitate its early diagnosis.
MATERIALS AND METHODS

Patients
This study was approved by the Institutional Review Board. Laboratory findings in almost all cases were indicative of infectious spondylitis. However, three (16.7%) patients showed normal levels of inflammatory markers, such as white blood cell counts, erythrocyte sedimentation rate, and C-reactive protein.
Twelve (67%) patients suffered from preexisting diseases, including diabetes (n = 9, 50%), dilated cardiomyopathy (n = 2, 11.1%), angina (n = 2, 11.1%), chronic liver disease (n = 1, 5.56%), nephrotic syndrome (n = 1, 5.56%), chronic obstructive pulmonary disease (n = 1, 5.56%), gout (n = 1, 5.56%), and Parkinson' s disease (n = 1, 5.56%). Of the 12 patients, three had more than one underlying disease. Pertinent pain management included the use of needles (n = 9, 50%), acupuncture (n = 6, 33.3%), epidural anesthesia (n = 2, 11.1%), and percutaneous laser discectomy (n = 1, 5.56%). Symptoms were observed at mean 18.2 (range, 1 to 40) days after the pain management procedure. The mean interval time between the pain management procedure and MRI was 28.3 (range, 10 to 60) days. Main organisms involved in the infections were Staphylococcus (n = 12, 66.6%) ( Table 2) .
Nine patients were cured with antimicrobial treatment. One patient was cured by percutaneous abscess drainage. Eight pa-had developed infectious spondylitis were chosen. We defined iatrogenic infectious spondylitis as developing infections after recent pain management procedures in the spinal region. Exclusion criteria were: patients who had ineligible MRI results (e.g., the lack of axial scan or enhancement), patients whose infections were at location other than that of the interventional pain management, and patients whose infections were incurred after open surgery. Finally, 18 patients with the diagnosis of ISI were included in this study, including clinicoradiological diagnosis for four patients and histopathological diagnosis for 14 patients based on the isolation of causative organisms at the site of spinal involvement (percutaneous specimens in eight patients, and surgical specimens in six patients). The 18 patients included ten men and eight women with average age of 64.3 years (range, 47-80 years) ( Table 1 ).
The presenting symptoms included aggravated or persistent lower back pain with radiating pain to the lower legs (n = 13, 72.2%), fever (n = 4, 22.2%), general weakness (n = 2, 11.1%), pain in the spinal region that received the pain management procedure (n = 1, 5.56%), or stuporous mental status (n = 1, 5.56%). Note.-Alternative Tx = the name of pain management procedures entailing the use of needles is uncertain, COPD = chronic obstructive pulmonary disease, DCMP = dilated cardiomyopathy, DM = diabetes, LBP = aggravated or persistent low back pain, Px-MR = period between the given procedure and the first MR study, Px-Sx = period between the given procedure and the onset of presenting symptoms, RP = radiating pain to both lower legs, SD = syndrome jksronline.org 
RESULTS
Among the 18 patients, the mean range of the longitudinal span of infection was 5.84 (range, 2 to 11) vertebral segments.
All patients except one had abscess or myositis and osteomyelitis or discitis involving three or more contiguous vertebral segments in the longitudinal axis ( slice thickness at 4 mm; intersection gap at 5-10 mm; echotrain length at 2-28.
Image Analysis
Two experienced musculoskeletal radiologists evaluated the ). The incidence of ISI following various pain management A. Sagittal fat-suppressed enhanced T1-weighted image shows diffuse enhancement in L5 and S1 vertebral bodies with anterior and posterior subligamentous extensions. Large multiloculated abscesses in the epidural space (arrowheads) extend longitudinally from the L3 to S2. B. Axial fat-suppressed enhanced T1-weighted image at the level of L5-S1 shows large multiloculated abscesses in the epidural space (arrowheads) and paravertebral space (arrows) with thin, smooth walls. In the muscles, inflammatory changes, including psoas, iliacus, multifidus, longissimus, and gluteus, are evident. Subligamentous extension was noted in 72.2% of our patients.
Such frequency was similar to that of tuberculous spondylitis reported previously (10, 25, 26) . None of our patients showed skip lesions.
In conclusion, following various pain management procedures, diagnosis of ISI is rare. Early diagnosis is essential to the prevention of serious morbidity and mortality. MRI imaging findings of wide longitudinal span of infection, involvement of no more than two vertebral bodies and a single disc, large abscesses, extensive myositis, and no skip lesions can be useful for the diagnosis of ISI following various pain management procedures. onset was 18.2 (range, 1 to 40) days. Literature reviews (8, 15) revealed that the mean time interval between the procedure and symptom onset were 5 (range, 1 to 60) days or 9.75 (range, 2 to 20) days. In this study and earlier investigations (8, 15) , symptoms and signs were nonspecific. Ordinary laboratory findings were of little help for differential diagnosis of ISI following various pain management procedures from other non-iatrogenic infections. Staphylococcus aureus, the most commonly identified skin-resident organism and etiologic agent of iatrogenic spinal or epidural abscesses (5-8, 14, 15, 19, 21-23) , was found in 
